ABSTRACT
S
pinal arachnoid webs are rarely discussed entities, with only 6 reported cases in the neurosurgical literature. [1] [2] [3] These webs represent an intradural extramedullary transverse band of arachnoid tissue that extends to the dorsal surface of the spinal cord, causing mass effect and dorsal indentation. In each of the cases reported, a syringomyelia was present above or below the level of cord indentation. The author of one of the cases reported visualization of an arachnoid band on preoperative MR imaging. 3 We present a series of cases that demonstrates a characteristic focal dorsal indentation of the upper thoracic spinal cord, coined the "scalpel sign" because of the resemblance on sagittal MR imaging and CT myelographic images to a scalpel with its blade pointing posteriorly (Fig 1) . We propose that the presence of an arachnoid web in the dorsal subarachnoid space can result in progressive alterations of the CSF flow dynamics and eventually lead to syringomyelia. MR imaging and CT myelography currently lack the resolution to consistently identify these thin webs of tissue. However, recognition of a reliable secondary imaging finding, the scalpel sign, can suggest the presence of an arachnoid web, allowing proper neurosurgical referral and potentially curative treatment.
CASE SERIES
This report is a retrospective review of 14 patients demonstrating a focal dorsal indentation in the upper thoracic spinal cord (Fig  2) . The age range was 31-67 years, with a 9:5 female/male ratio. Presenting symptoms included back pain and upper and lower extremity weakness and numbness (Table) . All 14 patients demonstrated a characteristic scalpel-shaped deformity of the upper thoracic cord on MR imaging or CT myelography. Seven patients demonstrated both increased T2WI signal in the spinal cord and syringomyelia adjacent to the level of dorsal indentation. Three patients demonstrated only increased T2WI cord signal adjacent to the level of dorsal indentation. Seven patients underwent surgery following their imaging studies. In 2 surgical cases, only a myelotomy was performed to decompress the syringomyelia and an arachnoid web was not sought. The 5 cases with surgical confirmation of an arachnoid web are described below.
Case 1
A 51-year-old woman presented with an 8-year history of low back pain and 1 year of intermittent midback pain and bilateral shoulder pain. She did not have radicular pain or numbness, and there was no history of trauma or spinal surgery. MR imaging demonstrated a focal indentation along the dorsal surface of the spinal cord at the T4 vertebral body level (Fig 3) . Increased T2WI signal with cord expansion and syringomyelia extended from T1 to T3. Cord signal inferior to the focal deviation was normal. A significant amount of posterior epidural fat was not directly compressing the cord. It was hypothesized that the appearance of the spinal cord deviation was secondary to an arachnoid web. The patient underwent T2-T4 laminectomies for intradural exploration, which revealed kinking of the spinal cord caused by a transverse dorsal arachnoid web at the level of the narrowing. The web was carefully sectioned with visually apparent relief of the kinking. Follow-up MR imaging revealed resolution of the focal cord indentation, decreased T2WI signal abnormality, and resolution of the syringomyelia. The patient reported an improvement in her upper back and shoulder pain but continued to have chronic low back pain.
Case 2
A 56-year-old woman was admitted with a 15-year history of episodic lower extremity weakness. Physical examination demonstrated spastic paraparesis with hyper-reflexia, clonus, and hypertonia. She underwent a complete work-up for demyelinating diseases, of which the findings were negative. There was no history of trauma or spinal surgery. MR imaging of the thoracic spine demonstrated focal dorsal indentation of the spinal cord at the T3 vertebral body level. Immediately cephalad to the indentation, there was T2WI cord-signal abnormality and syringomyelia. CT myelography demonstrated the same findings, and there was no evidence of an arachnoid cyst or ventral spinal cord herniation. Subsequently, T3-T4 laminectomies were performed, and a thickened arachnoid membrane was removed. Two-month postoperative imaging demonstrated resolution of the cord indentation and syringomyelia (Fig 4) . The patient reported greatly improved function and comfort in her lower extremities.
Case 3
A 56-year-old woman initially presented with gait instability and bilateral lower extremity weakness. There was no history of trauma or spinal surgery. Imaging revealed an upper thoracic syrinx, which was initially treated at an outside institution with a T6 laminectomy and drainage of the syrinx. The initial surgery did not relieve the patient's symptoms, which progressively worsened. Two years later, she presented to our institution, and a CT myelogram revealed spinal cord expansion from T6 through T8 and a dorsal indentation of the spinal cord rostral to these levels. Subsequently, the patient underwent laminectomies at T5, T7, T8, and T9. A thickened arachnoid membrane was encountered in the dorsal subarachnoid space rostral to the level of a syrinx. The membrane was removed, and the syrinx was fenestrated. Pathologic examination demonstrated a simple arachnoid membrane. In the immediate postoperative period, the patient noted increased sensation and decreased pain in her lower extremities. Her symptoms continued to improve on follow-up visits. Follow-up MR imaging demonstrated resolution of the dorsal indentation and cord expansion.
Case 4
A 45-year-old man presented with a history of a work-related injury and subsequent anterior cervical diskectomy and fusion from C5 to C7. The patient continued to have persistent pain starting in the thoracic region and radiating down the bilateral lower extremities. MR imaging demonstrated focal dorsal indentation of the spinal cord at T5 with apparent mass effect on the cord. There was mildly increased T2WI signal within the cord immediately cephalad to this level without evidence of syringomyelia formation. The patient subsequently had a T5 laminec- tomy, which revealed an arachnoid membrane that was adherent to both the dura and surrounding tissue. After surgical lysis of this band, the patient reported much improved sensation in his lower extremities. Follow-up imaging revealed resolution of the focal cord indentation. There was, however, a focal kinking deformity along the posterior aspect of the cord likely related to postsurgical adhesions to the dorsal dura.
Case 5
A 56-year-old man with a history of multiple sclerosis was evaluated for a 2-year history of episodic bilateral leg paralysis and falls. Symptomatic episodes occurred without warning, lasted approximately 30 minutes, and were relieved with recumbency. The episodes increased in frequency for 6 months before presentation, at which time these episodes were occurring almost daily. MR im- aging of the thoracic spine demonstrated a dorsal indentation of the spinal cord with anterior displacement at the T7 level, without abnormal cord signal or syringomyelia. Subsequently, laminectomies were performed from T5 to T9. When the dura was opened, a dense band of arachnoid tissue was seen extending transversely across the posterior aspect of the spinal cord at the T7 level (Fig 5) . This resulted in an obvious deformation of the spinal cord with flattening and compression. The anterior dura was explored, and there was no evidence of a ventral dural defect or anterior cord herniation. Surgical lysis of the arachnoid band was performed, and over several minutes, the cord flattening and deformity visibly improved. The patient's leg strength immediately improved bilaterally with more pronounced improvement on the right. He continued to have intermittent slight spasticity in both lower ex- tremities. His coordination slowed when he was fatigued. These symptoms may have been related to his underlying multiple sclerosis. He remained wheelchair-bound, mainly secondary to his lack of coordination. No follow-up imaging was available for this patient.
DISCUSSION
The exact etiology of arachnoid webs is uncertain. The 5 surgically confirmed cases described in this article, and the 6 prior case reports all demonstrated a dorsal location in the thoracic spine. Their common dorsal location in the upper thoracic spine suggests that these webs share a common etiology. The reason for the predilection for the upper thoracic spine is unknown. One case report suggested that this dorsal location may be related to the theory of arachnoid cyst formation from diverticulations of the septum posticum, a thin membrane that longitudinally divides the posterior subarachnoid space. 3, 4 Several reports have described intradural arachnoid cysts and their associated mass effect on the spinal cord. [5] [6] [7] [8] Arachnoid webs may represent the incomplete or disrupted formation of an arachnoid cyst. It is also conceivable that a web may actually be comprised of the walls of a collapsed arachnoid cyst. There appears to be a relationship between the presence of a dorsal arachnoid web and syringomyelia. The 6 previously reported cases demonstrated syringomyelia adjacent to the level of cord indentation, 5 below and 1 above the level of the indentation. [1] [2] [3] Syringomyelia was present in 7 patients in our study, 6 above and 1 below the level of dorsal indentation. There is a probable spectrum of cord signal-intensity changes on MR imaging, from a presyrinx state to the development of syringomyelia. The case report by Sridharan and Heilman 1 suggested that the determining factor for syringomyelia formation above or below the level of an arachnoid web is related to the CSF pressure differential on either side of the web. A greater CSF pressure rostrally would result in syringomyelia formation caudal to the web and vice versa. This relates to the intramedullary pulse pressure theory of syringomyelia formation, in which a lower CSF pressure on one side of a subarachnoid obstruction leads to cord distension during each systole via a suction effect from the gradient pressure differential, which causes CSF to enter the cord through small perivascular spaces. 9 While none of the cases described in this study utilized cine MR imaging, we recognize that being able to analyze CSF flow dynamics could be valuable in the evaluation of arachnoid webs. Cine MR imaging is essential in the pre-and postsurgical management of patients with Chiari I with syringomyelia. 10 In a similar manner, we hypothesize that arachnoid webs may demonstrate an alteration in CSF flow in the dorsal subarachnoid space. Pre-and postoperative imaging could also allow analysis of improved CSF flow after web lysis.
The differential diagnosis of the scalpel sign is a dorsal arachnoid web, dorsal arachnoid cyst, and ventral spinal cord herniation. Spinal cord herniation can often be distinguished from an arachnoid cyst or web on routine imaging. In cord herniation, cord tissue protrudes through a ventral dural defect, and the focal deformity along the ventral aspect of the cord is often demonstrated. However, when the ventral spinal cord is closely opposed to the anterior dura, it may be difficult or impossible to distinguish a dorsal arachnoid web and anterior spinal cord herniation. Arachnoid cysts can be identified by the marginated walls, the presence of smooth wide scalloping of the cord surface, and the fact that these structures routinely fill slower than the remainder of the subarachnoid space on myelography (Fig 6) . Seven patients in our study underwent myelography, with no arachnoid cyst identified. Arachnoid webs, however, are not usually directly demonstrated on MR imaging or CT myelography. Only 1 of 6 prior cases reported preoperative demonstration of the web on MR imaging, and none of our cases had a visible web or membrane on imaging. The scalpel sign appears to be an important secondary imaging sign that suggests the presence of an arachnoid web.
The retrospective nature of this study is a limitation, and only 
